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From Electrostatics to ESD 



I have often been asked, 
"What's the difference be- 
tween electrostatics and 
static electricity?" Well, I be- 
lieve that if there is a differ- 
ence, it's mostly historical. A 
hundred years ago, it was all 
known only as electrostatics, a 
well-researched field that formed the basis 
for the teaching of electricity in general. 

Electrostatics had its own system of 
units based on the mechanical units of 
centimeter, gram, and second, plus the 
electrostatic unit of charge (esu), defined 
as the charge that interacts with an 
equally large charge at a distance of 1 cm 
with a force of 1 dyne. It turns out that 
1 esu equals about 3.3-10 10 C. 

Voltage was then, as it is now, defined 
as field strength times distance. Because 
field strength is force over charge, the 
electrostatic unit for field strength was 
1 dyne/esu, and the unit for voltage, 
called a statvolt, was 1 dyne/esu x 1 cm 
or 1 erg/esu, so 
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It's a peculiarity with the electrostatic 
system that the unit for capacitance, esu 
per statvolt, turns out to be centimeter. 
I was reminded of this recently when a 
colleague asked me to identify a myste- 
rious component marked 1000 cm. He 
was somewhat surprised when I told him 
it was a 1-nF capacitor. 

Although electrostatics was an invalu- 
able part of physics, if we are looking for 
specific applications or inventions based 
on electrostatic principles, we will not 
find much. There was a period in the 
middle of the eighteenth century when 
electrotherapy was in vogue. Semipara- 
lyzed people were treated with discharges 
from Leyden jars, but the results of these 
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treatments were not bene- 
ficial. (Oh yes, there was 
also an electrostatic cigar 
lighter, but if you have seen 
a picture of that gadget, 
you'll understand why it 
never caught on.) There 
was, however, one very im- 
portant electrostatic invention: Ben 
Franklin's lightning rod (see Figure 1). 

The simple construction of this device 
has changed little over the last 250 years, 
and it is still in use worldwide. The con- 
struction, however, may have certain na- 
tionally conditioned variations. For in- 
stance, until the 1970s in France, all 
lightning rods on public buildings, such 

There was one 
very important 
electrostatic 
invention: 
Ben Franklin's 
lightning rod. 

as post offices and police stations, had tips 
covered with radium ( 226 Ra). The idea 
was that the increased ionization around 
the tip would increase the neutralizing 
current to the base of a thundercloud. Al- 
though this was correct — at least in the- 
ory — the rods also produced a little extra 
radon ( 222 Rn). Because the half-life of ra- 
dium is about 1600 years, we must hope 
they had (and still have) a good system 
for disposing of old lightning rods. 

But, with the notable exception of the 
lightning rod, it wasn't until the begin- 
ning of the twentieth century that we 
found the first industrial application of 
electrostatics. In 1906, Frederick Cottrell 
invented the electrofilter or electrostatic 
precipitator (see Figure 2). The industri- 



al revolution had started to put its black 
fingerprints on the environment, and the 
greatest polluters were the smelters and 
cement mills. The electrofilter was a gen- 
uine breakthrough because it trapped ash 
from coal-burning power plants. It is dif- 
ficult to imagine what our pollution lev- 
els would be like today without this, in 
principle, very simple but ingenious elec- 
trostatic invention. 

The precipitator was only the begin- 
ning. Soon after, methods were discov- 
ered for separating mixtures of widely 
different types of particles, followed 
shortly by methods for electrostatic spray 
painting and for producing dry coatings 
for the manufacture of grit cloth and 
sandpaper. All of these inventions were, 
in principle, very simple. That was not 
the case, however, with the work of 
Chester Carlson. With a degree in law 
and physics, Carlson worked in a patent 
office and, therefore, understood the 




Figure 1. The lightning rod. 
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Figure 2. The electrofilter. 

need for copies of patent papers. So, he 
decided to invent a better copier. But 
when he chose, as a working principle, a 
combination of electrostatics and pho- 
toconductivity, nearly everyone agreed 
that this combination was never going to 
work. And everybody was almost right. 
After years of honing the experiments, 



Figure 3. Ignition of explosive vapors. 



however, the end result was the Xerox 
process, which has had a great impact on 
society. Still, all of these processes were 
known as electrostatics. 

In the 1930s, explosions in grain silos 
were reported at a rate of approximately 
one per week in the midwestern United 
States. With this and with increasing ex- 



plosions in hospital operating rooms and 
in chemical and pharmaceutical labora- 
tories, people called the cause of these ex- 
plosions static electricity (see Figure 3). 

It was quite natural to suspect that an 
electrostatic discharge was the igniting 
source in such explosions. But in the 
1950s and 1960s, a "new" type of explo- 



"1 



M he original 
inventor of ESD control 
vinyl flooring, VPI initiated 
the technology and established 
the industry standards. A no wax 
ESD control solution that stands 
the test of time, Conductile® 
requires no special treatments 
to maintain its lasting ESD 
control properties. 

Many installations 




On July 1, VPI introduces 
Vinylast Conductile® in black 
color in 9" x 9" square tiles 1/8" 
thick with conductive pellet technol- 
ogy. Originally used in operating 
rooms to prevent anesthetic explosions 



VPI ESD Control Flooring 



CZ^onductile® moves from one color in the original line to 
five, offering 1/8" and 3/16" thicknesses. 

CZ^onductile® is the first Micro-squared 7 " ESD 
control tile available, offering tight-fitting 
joints for easy, seamless installation. 




onnie" the static eater 
increases awareness of 
Conductile® as a flooring 
product with a ravenous 
appetite for static. 




1 9 7 s 

Launching of the first plastisol technology 
and conductive epoxy adhesive system 
delivers precise ESD control without the need 
for a copper grid under the flooring. 

^Applications for Conductile® shift, 
focusing on the ESD control needs of 
electronics and high-tech facilities. 
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als — such as nylon, orlon, and 
Teflon— static electricity be- 
came a household word. Peo- 
ple identified static electricity 
as the source for why clothing 
stuck to your body or the rea- 
son you got a nasty shock 
when you touched a water tap. 
And it was static electricity 
that made TV screens and 
monitors dirty. And, accord- 
ing to folklore, static electrici- 
ty caused headaches and ru- 
ined the "balance between the 
good negative and the evil 
positive ions" in the atmo- 
sphere. 




Figure 4. Human body-model event, which uses a 
resistor-capacitor circuit (R = 1500 SI; C = 100 Pf). 



sion started to appear. Several serious ac- 
cidents happened when oil tanks were 
being cleaned with a high-pressure water 
jet. Although an explosive vapor-air mix- 
ture might have originated from the hy- 
drocarbon residue, the ignition source 
was still unknown. A detailed explana- 
tion is too long for this article, but the 
cause seemed to be a water slug moving 
in an inhomogeneous field. I've always 
loved static electricity for its simplicity! 

Static electricity was — and still is — a lot 
more than just explosions. Already in the 
1 930s, static electricity was a nuisance in 
the printing industry as well as in the tex- 
tile industry. Lengths of paper would stick 
together, whereas fibers would filter and be 
hard to control during spinning and weav- 
ing. Static electricity made the car radio 
crackle or caused a minor shock when you 
handed your nickel to the toll collector. It 
was these two problems more or less that 
led to the development in the 1930s of 
carbon-black-loaded conductive rubber. 

With the development in the 1940s and 
1950s of all kinds of polymeric materi- 



Static Electricity in Electronics 

So, by and large, static electricity has 
always been known as a nuisance. In the 
1960s, static electricity spread into a 
whole new area: the world of electron- 
ics. Some people consider the appearance 
of the metal oxide semiconductor field- 
effect transistors (MOSFETs) as the start 



of this period. That is probably an over- 
simplification. Static electricity had def- 
initely made itself felt in electronics be- 
fore the MOSFET, but it was little known. 
Electrostatics, not to mention static elec- 
tricity, was not really something that fit 
into the sophisticated electronics world. 
However, when the output of sensitive 
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^Addition of entirely new production 
line revolutionizes the manufacturing 
process with leading ESD tile technology. 

CZ!onductile®'s six colors available in 
12" x 12", 24" x 24", and 36" x 36" tiles. 

Statmate"' static dissipative vinyl 
tile joins product line. 
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TV/Ianufacturing capacity at 
VPI doubles, offering greater 
customer service and faster 
oroduct delivery. 
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| 1-i.esponding to con- 
i sumer feedback, VPI 
streamlines and revamps 
Conductile® and, Statmate 1 ," 
: introducing 28 new colors 
and patterns. 





./Announcement of 
VPI's Lifetime ESD 
Protection Warranty. 



Testing of nearly 50 year- 
old Conductile® floors reveals 
unfailing ESD protection and 
durability. 

Static eater "Connie" takes 
a big bite out of ESO for the 
new millennium. 

Ongoing innovation and 
expert knowledge ensure 
that VPI Conductile® will 
continue to be in step * 
with demanding 
ESD control 



jTjglPle.^ Introduction of Conductile LE® & XLE® 
iQ\ % and Statmate LE™ & XLE™ low emissivity 
vinyl tile designed specifically for 
cleanroom applications. 
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VPI, LLC 

Floor Products Division 
Tel: (980] 458-4664 
Fax: (920) 458-1368 
Customer Service: 1 -800-87 4-4240 
customercare.floor@vpicorp.com 
www, vpicorp.com 
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components showed a high percentage 
of failures and, even worse, when com- 
plicated circuits had latent breakdowns, 
some electronic physicists considered re- 
lations between charges in the nC-range 
and field strengths high enough to cause 
breakdown, such as that illustrated in the 
diagram for a human body-model event 
(see Figure 4). 

Such speculations, of course, didn't do 
any harm as long as they remained spec- 
ulations. But when engineers suggested 
preventive programs, management in 
electronics companies often balked be- 
cause such an investment didn't result in 
an immediate return. The physicists and 
engineers eventually prevailed, and it is 
now generally accepted that static elec- 
tricity constitutes a group of problems 
to be taken very seriously in almost any 
branch of electronics. 

For many people in the electronics in- 
dustry, however, the field of static elec- 
tricity was completely new. Like I've said 
before, "They Think They Invented It," 
and since they considered it a new field, 



they needed a new name, and thus elec- 
trostatic discharge (ESD) was coined. 

I first saw ESD in 1983 on an an- 
nouncement from the EOS/ESD Associ- 
ation, and I learned that it stood for elec- 
trostatic discharge. From the name, it 
appeared that the association was con- 
cerned with discharges rather than the 
charging processes, decay, and other as- 
pects of static electricity. To me, discharge 
has always meant a process where the 
field creates the charge carriers through 
an ionization process, as in a spark, a 
corona, or a brush discharge. When I at- 
tended the 1983 EOS/ESD Symposium, I 
learned that in the electronic industry, 
ESD referred to any kind of static electric 
phenomenon. At that time, it was still 
only in the electronic industry that stat- 
ic electricity was referred to as ESD. 

But in the 1990s, the term became a 
common lexicon. If the pages of a mag- 
azine stuck together, it began to be 
known as ESD, even though such an 
event was really static cling, a subpart of 
static electricity, just as electrostatic dis- 



charge is a subpart of static electricity. It 
would be interesting to research the evo- 
lution to see how electrostatic discharge 
came to mean static electricity. 

One could also ask, "What do you call 
a discharge from a charged item when 
ESD means anything electrostatic?" The 
electronics industry had an answer to 
this, too. Today, a spark, a corona, or a 
brush discharge are all known ESD 
events. Think about this for a minute: an 
electrostatic discharge is an electrostatic 
discharge event! It's probably too late to 
correct the language, but couldn't we at 
least limit the use of the abbreviation 
ESD to electronic components and cir- 
cuits? It would be even better if we only 
talk about ESD when we truly mean elec- 
trostatic discharge. 

Niels Jonassen, MS, DSc, is retired from 
the Technical University of Denmark, 
where he has conducted classes on static 
electricity, ions, and indoor climate. He 
still runs his laboratory when he is not pur- 
suing cooking classes in Thailand. ■ 




Antennas for EMC Testing 

Corn-Power specializes in EMC test equipment and we have most 
EMC antennas in stock at all times. Our antennas are individually 
calibrated before shipping and come with a two year warranty. The 
following types are available, covering the frequency range of 9 kHz 



to 40 GHz: 



Preamplifiers 
Spectrum Analyzers 
Near Field Probes 
Antenna Masts 
Turntables 
Tripods 

Signal Generators 
Comb Generators 
Precompliance Systems 
LISNs 

also Safety and Telecom 
Test Equipment 



EMI Test Equipment 

Call for catalog 
(949) 587-9800 or visit 
www.iom-power.com 



• Biconical 

• Log Periodic 

• Combilog 

• Horn 

• Active Loop 

• Tuned Dipole 

• Monopole 

Recalibration service is also availat 
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Competitive pricing Most items in stock Two year warranty 
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